We here report some data on the biology and population structure of Plesionika narval (Fabricius, 1787) captured along the coast of the island of Ustica in the southern Tyrrhenian Sea. Specimens were collected monthly from January to October 2000 using commercial traps at depths ranging from 15 to 100 metres. The carapace length (CL) of females ranged between 7.0 and 26.0 mm, and between 7.0 and 17.0 mm for males. Three modes were identified in the cumulative frequency distribution for females but only two for males. In females, the third modal value was observed only at the deeper sample sites. The Von Bertalanffy growth parameters and performance index ϕ were K = 0.65 y −1 , CL∞ = 27.4 mm CL and ϕ = 2.62 for females, and K = 0.71 y −1 , CL∞ = 17.8 mm CL and ϕ = 2.28 for males. Ovigerous females were found during the entire period of the investigation, indicating that this species spawns all year round. We compared our results with other data recorded in the literature.
INTRODUCTION
Plesionika narval (Fabricius, 1787 ) is a temperate pandalid with a wide geographical distribution in the eastern central Atlantic, the western Indian Ocean, and the western-central Pacific (Gonzales et al., 1997; Landeira et al., 2009 ). In the Mediterranean Sea, it mainly occurs in the western area and rarely appears in the eastern part (Fisher et al., 1987) , even though Cristodoulou et al. (2009) recently found this species along the coast of Cyprus. Its bathymetric distribution ranges from the first metres of the water column to −900 m (Holthuis, 1980; ThessalouLegaki et al., 1989) . The species also lives in shallow water inside submarine caves or rocky cavities, whereas it can be found on sand or muddy substrates at greater depths. In the Tyrrhenian Sea, it is usually caught with traps and less frequently by bottom trawls (Anonymous, 1988) . In general, it is not common on the Italian markets, whereas in the Canary Islands, it represents an important artisanal fishery resource as there it forms sizeable concentrations and is easily caught (Gonzales et al., 1997) .
On the island of Ustica, P. narval has an important economic role for local fishermen and hence for the economy of the island. In fact, it is considered a very attractive species for tourists during the summer period for two main reasons: (i) local restaurants serve this species raw and marinated in oil and lemon, and (ii) divers visit attractive natural submarine caves on the island called "caves of shrimps" where this species is abundant.
To date, and considering its general economic importance, few studies have been carried out on the population structure and biology of this crustacean. The only data on the species inside the Mediterranean Sea are those reported by Ferrero (1969) in the Tuscan Archipelago, Thessalou-Legaki (1989 , 1992 and Thessalou-Legaki et al. (1989) on the Island of Rhodes (Greece), while outside of the Mediterranean Sea, we have data by Figueira (1960) from the Azores islands, Biscoito (1993) from Madeira, and by Figueira (1960) and Gonzalez et al. (1997) from the Canary Islands. Only recently, Landeira et al. (2009) studied the larval stages of this species and compared them with those of other Pandalidae.
The aim of the present study was to report new data of this species on its biology and population structure in the southern Tyrrhenian Sea, and to compare these results with other data recorded in the literature.
MATERIAL AND METHODS
Specimens of Plesionika narval were collected using commercial traps at depths ranging from 15 to 100 m at eight sample sites around the island of Ustica ( fig. 1 ) with the following different habitats noted: stations 1 to 6, rocky bottom with submarine caves; stations 7 and 8, rocky or muddy bottom. Sampling was carried out monthly for one year from January to October 2000 at sample sites 1 to 6 in a depth range of 15 to 80 metres. At sample sites 7 and 8, collections were made only in April and October at 80 to 100 metres deep. No samples were obtained in November and December, as a consequence of bad weather conditions. The choice of sample sites and depths was influenced by the advice of local fishermen, and fishing was performed at night, from sunset to sunrise, over a period of approximately 12 hours.
All specimens were measured to the nearest 0.1 mm by Vernier callipers from the rear of the eye socket to the rear edge of the carapace (CL) and weighed to the nearest 0.01 g; ovigerous females were weighed after removal of the eggs. Following Thessalou-Legaki (1989) , the sex of each individual was determined by examining the endopods of the first two pleopods, and females were also separated with respect to their ovigerous or non-ovigerous condition. The stage of egg maturation was recorded according to the following three-stage scale (Ceccaldi, 1968; Thessalou-Legaki, 1992; Chilari et al., 2005) : stage a, blue eggs with embryos without eye pigmentation; stage b, light blue eggs with slight eye pigmentation of embryos; and stage c light brown eggs with clearly visible eyes and well-developed embryos.
Size frequency distributions of females and males, in 1-mm intervals, were plotted for the whole period. Length-frequency distributions of each sex were separated by model progression analysis (Bhattacharya method) using FISAT version 2 (Gayanilo et al., 2005) . A cohort was assumed valid if the separation index was greater than 2. Average shrimp size along the depth gradient investigated was compared by ANOVA, in particular we considered both sexes and the two depth ranges of the sample sites: 15-80 m (sites 1-6) and 80-100 m (sites 7-8).
The relationship between carapace length and weight was calculated for each sex for the entire period studied using the equation: W = a × CL b (W in g, CL in mm and a and b are parameters that need to be estimated).
The relationship between carapace length and age was modelled using the Von Bertalanffy growth function. The estimation of growth parameters was conducted using the ELEFAN I routine incorporated in the FISAT II software (Gayanilo et al., 2005) . The growth performance index ϕ (Pauly & Munro, 1984) was estimated by the equation ϕ = log 10 k + 2 log 10 CL∞.
RESULTS
A total of 5768 of Plesionika narval (4744 females and 1024 males) were caught between January and October 2000 and all individuals were measured, weighed, and their sexes determined.
The length-frequency distribution for the whole sample showed that females ranged between 7 and 26 mm CL (mean 14.3 ± 1.9 SD), while males ranged between 7 and 17 mm CL (mean 12.4 ± 1.7 SD) ( fig. 2) . In particular at the depth range of 15-80 m the average CL of females was 13 mm (± 2.3 SD), with 12.0 mm (± 2.1 SD) for the males. Deeper samples (80-100 m) of ovigerous and non-ovigerous females showed an average CL of 15.6 mm (± 2.1 SD) and 17.8 (± 1.3 SD), respectively, while 12.5 CL mm (± 1.9 SD) was recorded in males. The average CL of males in the depth range considered (15-100 m) did not show significant differences (p > 0.05, d.f. = 7), whereas this value increased significantly with depth only in non-ovigerous females (p < 0.05, d.f. = 7). Using Bhattacharya's method, three modes were identified in the cumulative frequency distribution of females: 8.87, 13.85, and 22.96 mm CL, whereas only two, 8.84 and 12.26 mm CL, were observed for males. In females, the third modal value (22.96 mm) was observed only at the two deep stations (7 and 8).
The Von Bertallanffy growth parameters and performance index ϕ were K = 0.65 year −1 , CL∞ = 27.4 mm CL, and ϕ = 2.62 for females, and K = 0.71 year −1 , CL∞ = 17.8 mm CL, and ϕ = 2.28 for males. The carapace length-weight relationship suggested that weight increased with negative allometry. In fact, the values of the allometric coefficient b varied between 2.39 and 2.65, more specifically 2.6 in ovigerous and 2.39 in non-ovigerous females, and 2.51 in males. Correlation coefficients ranging from 0.85 to 0.93 indicated a strong relationship between CL and wet weight.
Ovigerous females were found during the entire period of the investigation, implying that this species spawns all year round ( fig. 3 ). In particular, the highest percentage of ovigerous females was recorded in June (100%) whereas the lowest values were registered in February (17.1%) and October (18.2%). The three different egg-maturation stages are shown in fig. 4 . Ovigerous females with blue and light blue eggs were present during the entire period investigated at different frequencies: blue eggs displayed a higher monthly frequency than light blue eggs. Stage c (light brown eggs) was not observed in every month.
The smallest female bearing eggs of the first two stages had a carapace length of 7 mm, whereas the smallest one with eggs at stage c measured 10 mm CL.
DISCUSSION
The analysis of the size frequency distributions of Plesionika narval showed a clear size predominance of females over males. Moreover, female size increased with increasing depth (p < 0.05, d.f. = 7); in fact, the maximum CL (26 mm) of females was found only at depths between 80 and 100 metres (sites 7 and 8) and contributed to the identification of the third age group (modal class value of 22.96 mm). This result is in agreement with those reported by Thessalou-Legaki et al. (1989) and Gonzalez et al. (1997) for the same species, Frechette & Parson (1983) for Pandalus borealis Krøyer, 1838, and Chilari et al. (2005) for Plesionika martia (A. Milne-Edwards, 1883), who found a strong relationship between size and depth. According to Cartes (1993) , the size-related depth segregation in some Pandalidae seems to be linked to a decrease in competition for space and food resources among the size classes. Indeed, dietary diversity is associated with depth. Moreover, it is well known that the euphotic zone, or the stratum just below that, gets a rich supply of food in the form of phytoplankton and suspended matter for juvenile and larval phases (Omori, 1974) . This trend in size-depth relationship was also highlighted for Penaeidae by Froglia (1982) and Ardizzone et al. (1990) , and for Aristeidae by Mura & Cau (1989) . Conversely, our data did not show a significant relationship between depth and carapace length in males (p > 0.05, d.f. = 7), showing a general maintenance of size with increasing water depth. This is in agreement with the results obtained by Frechette & Parson (1983) , ThessalouLegaki et al. (1989), and Gonzalez et al. (1997) .
The length frequency analysis (Bhattacharya's method) showed three possible age classes in females with the third age group present only at the deep sample sites (80 to 100 m), an observation in accordance with the data reported by ThessalouLegaki et al. (1989) from Rhodes Island, where the main age group was represented by the second (97%) mode. In males, we identified two modes with the second age group more representative (85%) and without any depth-related differences. Our data on the presence of three (female) and two (male) modal classes are similar to those obtained by Thessalou-Legaki et al. (1989) , but are different from those of Gonzalez et al. (1997) who found six modes in both sexes. It is not easy to speculate about this discrepancy with the data of Gonzalez et al. (1997) , who worked with a similar individual size range (7 to 30 mm in CL).
The Von Bertalanffy growth parameters and performance index ϕ appeared similar to those of the other species of Pandalidae (Gonzales et al., 1997 , and references therein) and confirmed a general slightly higher growth rate in females (ϕ = 2.62) than in males (ϕ = 2.28).
The length-weight relationship showed negative allometric growth in males, and ovigerous and non-ovigerous females, and reflected the decreasing growth rate in relation to CL. These data are in agreement with those obtained for other Pandalidae (Maiorano et al., 2002 , and references therein) and for the same species in the Canary Islands by Gonzalez et al. (1997) . However, it is in contrast to those reported by Thessalou-Legaki et al. (1989) in the islands of Greece, where they found isometric growth. This difference is not easy to explain and could probably be linked to the origin of the sample (depth and water temperature).
Considering the spawning period, the highest percentage of ovigerous females occurred mainly in spring (April, 80%) and summer (June, 100%), even though ovigerous females were present during the whole year. This is consistent with the data of Gonzalez et al. (1997) based on the Canary Islands, and Thessalou-Legaki (1992) along the Greek coast. If we consider the third egg stage, we identified the summer season as the most representative of this stage, even if it was present in the other months.
In conclusion, the data on the biology of Plesionika narval around Ustica Island seem to be in accordance with earlier data collected in other parts of the Mediterranea Sea (Thessalou-Legaki, 1989 , 1992 Thessalou-Legaki et al., 1989) and from the Atlantic Ocean (Gonzales et al., 1997) although, concerning the population structure, our data fit better those reported for the Mediterranean Sea than those from the Atlantic. Of course, more data on local oceanographic conditions and more adequate experimental design of sampling are needed to better explain the population structure of this economically important species. Moreover, as reported above, depth appears to be a fundamental factor to take into account, due to the qualitative and quantitative differences in food found along the depth range. This knowledge might be important for future management strategies that should be considered in order to maintain adequate fishing pressure.
